INTRODUCTION
The ability to estimate an infant's clinical condition, operationally expressed, as a probability of death or severe morbidity, is essential to any program designed to address improving the quality of neonatal transport. From a quality improvement perspective, the infant's condition can be used to address several important issues. By assessing condition when transport is requested and comparing it with the condition of similar infants, one can gain insight into both the appropriateness of the timing of the request for transport and (after adjusting for the time of request) the effectiveness of the care the infant received before the request. By assessing the change in the infant's condition from the time of the request to the time of the arrival of the transport team, one can begin to address the effectiveness of the clinical advice provided by the transport center while the team is en route as well as the impact of the time it takes for the team to arrive and take over the care of the infant. Finally, by assessing the change in condition from the time at which the team arrives and assumes care until the infant is admitted to the transport neonatal intensive care unit (NICU), one can begin to estimate the quality of the care provided by the transport team. Of the several available transport risk scores, [1] [2] [3] we choose to begin with the Transport Risk Index of Physiologic Stability (TRIPS) developed in Canada by Lee and co-workers. 4 TRIPS is a physiology-based assessment that comprises of four empirically weighted items (temperature, blood pressure, response to noxious stimuli and respiratory status) that has excellent performance characteristics, is straightforward to perform and calculate, and was in use by several California (Ca) transport teams. However, the TRIPS approach has several limitations within the context of neonatal transport in California: when assessing blood pressure, the TRIPS does not account for the use of pressors. It also considers 'apnea, gasping, intubated' as the maximum condition for respiratory status. Because pressors are often used to support low blood pressure in California, and because infants who are intubated and mechanically ventilated may exhibit a wide range of severity, the primary purpose of this study was to evaluate the predictive ability of the TRIPS methodology in a Ca setting. Three comparisons of receiver operator characteristics (ROCs) were conducted. Prediction based on the original TRIPS scoring, prediction based on the TRIPS variables and categories using score weights derived from the Ca population, and prediction based on a modified TRIPS approach that included the use of pressors to support blood pressure and a measure of clinical severity for infants on the respirator. Using the model with the best ROCs, we then developed a strategy to assess the quality of the transport based on the change in condition score from when the transport team first assumed care of the infant to his/her admission to the transport neonatal intensive care unit (NICU).
METHODS
In California, the majority of neonatal transports are conducted by members of the California Perinatal Transport System (CPeTS), a network of over 100 specialized NICUs who serve to facilitate the transport of critically ill infants to NICUs offering a higher level of care, better able to meet their needs. The study was based on data collected on 21 279 infants o28 days of age who were acutely transported for care to one of the 131 California Perinatal Quality Care Collaborative (CPQCC) NICUs during 2007 to 2009. CPQCC members include both California Children's Services (CCS)-designated and non-CCS-designated NICUs. CCS designates the level of care on a voluntary basis. In general, intermediate NICUs do not provide prolonged mechanical ventilation, community NICUs provide full ventilation but not complex surgery and regional NICUs provide a full range of services including complex surgery and extra corporeal membrane oxygenation.
An acute transport included 'emergent' transports where the team was requested to arrive immediately and urgent transports where the team was requested to arrive as soon as possible within a 6-h timeframe. Scheduled transports of an infant whose initial medical/surgical needs had been met, whose condition had been stabilized and who was transferred to a facility to obtain planned diagnostic evaluations or surgical interventions were not included in the analysis. The comparison of TRIPS and modified TRIPS estimates were based on data obtained and recorded on the CPeTS Acute Inter-facility-Neonatal Transport Form (see Appendix Table A4 ) by the transport team on arrival at the referring nursery/NICU. The analyses of the quality of transport compared differences in the modified TRIPS scores recorded by the transport team at the time of arrival at the sending nursery and recorded at the time of admission to the receiving NICU.
The first aim of this study was to compare the relative performance of the (1) Canadian TRIPS score, (2) Canadian TRIPS score using weights derived from the Ca cohort ('recalibrated TRIPS') and (3) a modified TRIPS score, which used weights derived from the Ca cohort and included variables and variable category definitions optimized for the Ca data ('Camodified TRIPS'). Two additional variables were included in this model: (a) whether or not pressors were used, and (b) the oxygen concentration (FiO 2 ) for infants who were on a respirator (o50, 50 to 75 and 475%). Furthermore, because systolic blood pressures o20 mm Hg were very infrequent in the Ca population, an additional cut point was used for blood pressure (under 20, 20to 30, 30 to 40 and 440 mm Hg).
As in the original TRIPS study by Lee and co-workers, 4 we used a 7-day NICU mortality (death within 7 days of NICU admission) as our outcome.
The study cohort was randomly divided into an estimation set of 14 254 infants and an evaluation set of 7025 infants. Multiple variable logistic regression models were used to obtain relative score weights based on the estimation set. The models were compared with respect to the area under their ROC curves (C-statistic) and Hosmer-Lemeshow goodness-of-fit Pvalues using the evaluation set. Eleven percent (2415) of the infants were transported after the first week of life. To estimate the utility of the Camodified TRIPS for infants transported after the first week of life, the validation cohort was further divided into a subcohort of infants transported during the first week of life and a subcohort of infants transported after the first week of life. The C-statistic for the late transports was compared with the C-statistic for the entire validation cohort.
To assess the utility of the Ca-modified TRIPS across the wide range of gestational ages (GAs) seen in our transported infants, the validation cohort was subdivided into GA at birth o32 weeks (1399), 32 to 36 and 6/7 weeks (2240) and 37 weeks or greater (3382), and a C-statistic assessed for each group.
The second aim of this study was to develop a strategy to assess the quality of transport. We began with the premise that a suboptimal transport would result in excessive deterioration of an infant's clinical condition. [5] [6] [7] [8] [9] We operationally defined the quality of a transport as the change in the infant's condition score from the point at which the transport team arrives at the bedside until the infant begins care at the receiving NICU. Deterioration of an infant's condition during the transport would result in an increase in TRIPS, while an infant's improved condition would result in a decrease. Therefore, as suggested by Lee and coworkers, 8 the average change in condition score for any transport team could be used to reflect the quality of the team's transport. However, during the course of a transport, the condition of some critically ill infants may continue to deteriorate even when the transport team has provided excellent care. To account for this extreme situation, we developed a benchmark termed the Quality Change Point 10th percentile (QCP10). To determine the QCP10 based on 2007, 2008 and 2009 data, we identified the transport teams who transported 25% of our cohort's infants, with the least deterioration as indicated by the average change in their condition (TRIPS) scores. Because there could be differences in a team's ability to transport effectively infants of increasingly lower birth weights, these benchmark teams were determined for each birth weight group (under 750, 750 to 1000, 1000 to 1500, 1500 to 2500 and over 2500 g) separately.
As some transport teams transported very few infants, and these small sample sizes could introduce unstable mean differences in the TRIPS scores, we furthermore imposed the criterion of a minimum of 20 transports. Based on this subset of transport teams, we determined the upper 10th percentile of the average change in condition (that is, TRIPS scores) and termed this threshold the QCP10. By definition, only 10% of the infants transported by the benchmark teams had an increase in clinical condition score that exceeded the QCP10. Therefore, the percentage of a CPQCC team's transports whose increase in score exceeds the QCP10 can be used as a proxy for the quality of transport provided by the team. If their percentage was 10% or less, their quality matched that of the benchmark teams. If their percentage exceeded 10%, the deterioration experienced by their transported infants was greater than that of the bench mark teams.
To assess the validity of the QCP10 as an indicator of the quality of transport, we used multivariable logistic regression, to examine if the risk of 7-day mortality was increased over that predicted by their TRIPS score alone, in infants whose deterioration (as indicated by an increase in condition score during transport) exceeded the QCP10. Data from the entire cohort was used for this evaluation. All analyses were performed in SAS version 9.3 (SAS Institute, Cary, NC, USA). This study was approved by the Stanford University Institutional Review Board. The California Neonatal Transport data set was initiated in 2007. In each successive year, the percentage of transports with missing TRIPS data at any one of the three assessments had decreased. Missing data were highest at the point of referral and lowest at NICU admission. During the study period, systolic blood pressure was the variable most frequently missing, 26.5% at referral, 9.4% at team arrival and 5.6% at admission to the NICU (details available on request). The percentage of transports with missing data at either of the two time points used to assess the quality of transport, initial evaluation and admission to the NICU, decreased from 28.6% in 2007 to 13.8% in 2009.
RESULTS

The
Comparison of Canadian TRIPS, Ca recalibrated original TRIPS and Ca-modified TRIPS The study cohort was randomly split into an estimation (2/3 of records) and validation data set (1/3 of records). There were no significant differences in the demographic composition of the estimation and validation set ( Table 1) . 
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Multiple variable logistic regression models were created for the Ca recalibrated original TRIPS and Ca-modified TRIPS. We compared the reported variable weights of the original Canadian TRIPS with the weights derived from the Canadian model applied to the Ca cohort, and from a model that utilized the modified Ca TRIPS variables applied to the Ca cohort (details in Appendix Table  A1 ). Comparing the recalibrated TRIPS to the original TRIPS, the risk scores for temperature and lack of response to noxious stimuli were similar. The recalibrated TRIPS associated a higher risk score with lethargic response to noxious stimuli (11 for recalibrated TRIPS vs 6 in original TRIPS) and to moderate respiratory support (17 vs 5).
Comparing the modified TRIPS to the original TRIPS, the addition of three categories of severe respiratory symptoms clearly differentiated that within those traditionally classified as severe were infants with average risk scores of 13 (FIO 2 o50), 17 (FIO 2 50 to75) and 18 (FIO 2 475). Note that for the Ca-modified TRIPS, different categories for blood pressure were adopted. An exploratory analysis suggested that a cut point of 30 mm Hg be added, as blood pressures below 20 mm Hg were rare and substantial differences with respect to infant outcome were found within the original range of 20 to 40 mm Hg. Table 2 , based on the evaluation cohort, compares the performance characteristics of the three TRIPS approaches to predicting 7-day NICU mortality. Three different models using the TRIPS scores are presented: (1) a model that only includes the TRIPS; (2) a model that only includes perinatal risk variables (GA at birth, small for GA, gender, cesarean delivery, 5-min Apgar (Appearance, Pulse, Grimace, Activity, Respiration) score under 7 4 ); and (c) a model that includes the TRIPS and perinatal risk variables. The area under the ROC curve as estimated by the C-statistic ranged from 0.777 to 0.786 for the model based on perinatal risk variables only (GA þ ). In comparison to GA þ , the original Canadian TRIPS-only model performed quite well with a C-statistic of 0.857. However, model calibration based on the Hosmer-Lemeshow goodness-of-fit statistic indicates that there is a significant difference between the deaths predicted by this approach and the actual deaths (P ¼ 0.000). Recalibration with the Ca cohort increased the C-statistic to 0.863 and improved the goodness of fit (P ¼ 0.075). In our validation cohort, outcome prediction was best for the Ca-modified TRIPS with a C-statistic of 0.884 and a Hosmer-Lemeshow P-value of 0.084. Adding perinatal risk factors to this model increased the C-statistic to 0.895.
On the basis of the above findings, a final Ca-TRIPS was developed utilizing the entire cohort of 21 279 acute transports. Figure 1 shows the relationship between Ca-TRIPS score and 7-day NICU mortality. For details of the Ca-TRIPS model, see Appendix Table A2 .
To assess if the Ca-TRIPS could be used to assess the condition of 'older' transports, we applied the model to the 11% (2415) of infants transported after the first week of life. The C-statistic for infants transferred at ages 1 to 7 days was 0.878. The C-statistic for infants transported at 8 to 28 days, while slightly lower, was quite acceptable at 0.857.
To assess the utility of the Ca-TRIPS model across the wide range of GAs seen in our transported infants, we split the validation set into three subgroups. C-statistics based on the validation set were 0.802 (GA o32 weeks), 0.928 (GA 32 to o37) and 0.876 (GA 37 or greater).
Estimating the quality of transport based on a change in the infant's condition To estimate the quality of a team's acute transports, we assessed the percentage of infants whose increase in TRIPS score between initial evaluation and admission to NICU exceeded the QCP10. To assess the validity of this metric, we developed a multivariable logistic regression model to predict 7-day mortality based on the CA-TRIPS at initial evaluation and an indicator variable representing whether or not the infant's change in TRIPS score from initial evaluation to NICU admission exceeded the birth weight groupspecific QCP10. We found that if the QCP10 was exceeded, the odds of mortality were increased 2.4-fold (95% confidence limits 1.9 to 3.1, details available on request). Table 3 shows the CPeTS/CPQCC network's average 2009 TRIPS score at initial evaluation and at NICU admission, the mean Abbreviations: GA þ , gestational age at birth (days), SGA, gender, cesarean section delivery, 5-min Apgar under 7; ROC, receiver operating characteristic; SGA, small for GA; TRIPS, Transport Risk Index of Physiologic Stability score only; TRIPS þ GA þ , TRIPS and GA þ variables. a All results for the C-statistic and HosmerLemeshow P-value are based on the validation set. The model parameters for the re-calibrated TRIPS scores and modified TRIPS scores are based on the estimation set. Quality of neonatal transportchange in TRIPS score between these two points for the entire cohort and for those infants transported by benchmark teams, and the QCP cut points by birth weight group. TRIPS scores are highest in the very low birth weight infants. On average, the TRIPS scores increased by 0.3 points for the entire cohort and decreased 0.32 points in infants transported by the benchmark teams. Slightly higher deterioration was seen in infants under 1000 g. The transports assessed in this study were conducted by 156 teams. Fifty-seven teams, each with at least 51 transported infants, accounted for more than 95% of all transfers. Figure 2 shows the percentage of acute transports that exceed the QCP10 for each transport team. Note that there is wide variability in the quality of transport as indicated by these percentages. Appendix Table A3 shows an example of how this information is confidentially reported back to CPQCC NICUs.
DISCUSSION
The CPeTS/CPQCC network conducts approximately 7000 acute neonatal transports each year. These transports are extremely heterogeneous with respect to GA at birth, postnatal age at transport and major clinical subgroup (congenital anomalies with and without surgery, surgery without congenital anomalies, nonsurgical conditions of prematurity and non-surgical conditions of term infants). Given the extent and heterogeneity of this activity, our aim was to develop a practical strategy that would allow teams to assess the quality of their transports against a realistic benchmark and to track the effectiveness of any efforts that they put in place to improve the quality of their transports in real time. 10 Our strategy was to compare the condition of the infant when the team took over his/her care to the condition of the infant when the transport was completed [5] [6] [7] [8] [9] and posed two challenges. The first was to identify or develop a 'valid' assessment tool that was efficient with respect to ease of collection and did not rely on sophisticated laboratory, physiologic monitoring or subtle clinical observations. The second was to develop a benchmark to assess the extent to which a team's average change in infant condition during transport indicated an opportunity for improvement.
To assess clinical condition, we began with the Canadian TRIPs, which was developed with a 1996 to 1997 derivation cohort of 1115 and a validation cohort of 608 transports. 4 The TRIPS uses clearly defined, clinical observations that can be easily and rapidly assessed and is also an excellent predictor of death within 7 days of admission to the receiving NICU. While appropriate for their 1996 context, the original TRIPS utilizes a systolic blood pressure range that was not commonly seen in California, and did not take into account our widespread use of pressors to support blood pressure. Also, the Canadian TRIPS considers intubation as the highest pulmonary risk category, whereas transported infants intubated in California exhibit a wide range of risk (as indicated by their wide range of FIO 2 s). With modifications to take these differences into account, our C-statistic improved from 0.857 to 0.884.
A concern with any neonatal assessment strategy is its validity across the wide range of GAs seen in transported infants and its validity when applied to older infants transported after 7 days of life. We found that the Ca-TRIPS performed well across GAs (C ¼ 0.802 to 0.928) and in older transported infants (C ¼ 0.878). It is important to note that a possible limitation of our model is that it did not include length of transport. Because length of transport has been reported to effect neonatal condition, 11, 12 we are in the process of evaluating its impact in our Ca cohort.
Having validated our approach, we then combined our estimation and validation sets (n ¼ 21 279) to obtain best estimate weights for the Ca-TRIPS. We used these to build a chart that relates total score to the probability of 7-day NICU mortality (Figure 1 ) and to construct a 7-day NICU mortality calculator 'app' (supported on the major smartphones ) available at http:// www.health-info-solutions.com/CPQCC-CPeTS/tripsmobile/tripsmobile.html. This calculator has additional utility as it also allows one to investigate how a change in the status of any parameter impacts both the total score and the probability of 7-day NICU mortality.
The second challenge to measuring the quality of care provided during a transport was to devise a realistic benchmark metric. In a Figure 2 . Percent of transport teams whose deterioration in condition during transport exceeds the Quality Change Point of 10% seen in the bench mark teams.
two-step process, we (1) identified by birth weight group the transport teams who transported at least 20 infants, whose infants had the least deterioration during transport and who transported 25% of all infants, and (2) determined for each birth weight category the 90th percentile of the increase in TRIPS score termed the QCP10. The interpretation of this benchmark is that to achieve performance that is equivalent to the benchmark teams, only 10% percent of your transports should have deterioration in excess of the QCP10. After adjusting for the Ca-TRIPS variables, and traditional demographic variables associated with mortality (GA at birth, small for GA, gender, cesarean section delivery, 5-minute Apgar score), we found that if an infant's deterioration exceeded the QCP10, the risk of death within the 7 days of NICU admission increased 2.4-fold (95 confidence limits: 1.9 to 3.1). Our final analysis was to assess the utility of QCP10 to inform quality improvement in the CPeTS/CPQCC network. In general, an informative metric will identify marked variability in performance across sites and identify challenged sites. We found marked variability across the 95 teams with a minimum of five transports and identified a number of teams where the initiation of a formal quality improvement could be of great potential benefit (Figure 2 ). An important next step will be to identify those features (leadership, team composition, volume, and so on) that are seen in the top-performing teams.
Although several studies have assessed changes in the quality of transport by comparing outcomes during several time periods, 13, 14 to be useful as a quality improvement tool, a metric needs to be reported on a time scale that allows it to inform rapid cycle quality improvement. Neonatal transport data entered into the CPeTS/CPQCC system are processed in real time. To promote improvement in the quality of neonatal transports the results of these analyses have been integrated into CPQCCs online confidential NICU level reports (Appendix Table A3 ) (see http: // www.cpqccreport.org/).
Summary
Using the Canadian TRIPS score as a starting point, we have developed a practical strategy for assessing the quality of neonatal transport by assessing change in neonatal condition during transport. Using this technique to assess the quality of Ca transport teams, we identified a number of teams who could benefit from neonatal transport quality improvement initiatives. Determining the impact of transport team composition and transport time on the condition of transported neonates remain important priorities for future research.
